Background: A proportion of patients with acute pancreatitis develop severe organ dysfunction requiring admittance in an intensive care unit. Patient characteristics associated with ICU admittance were evaluated in this consecutive series of patients. Methods: The clinical course of patients with first attack of acute pancreatitis in urban Norway between 01.01.1996 and 31.12.2006 was reviewed. Patient characteristics, comorbidity, pre hospital delay and likely aetiology of acute pancreatitis were analysed as risk factors for ICU admittance. Results: This study includes 565 patients, 299 women and 266 men (p = 0.089), with a median age of 60 years (range: 17 -98). 50 (9%) of the patients were admitted to the ICU. Men were more at risk than women for ICU admittance (OR 2.34; 95% CI: 1.27 -4.32). Patients with alcohol associated pancreatitis (OR 5.94; 95%, CI: 2.61 -13.53), miscellaneous aetiologies (OR: 2.81, 95% CI: 1.02 -7.73) and non-assessed aetiology (OR 2.71, 95%, CI: 1.26 -5.82) were more at risk of ICU admittance than patients with bile stones associated pancreatitis. Pre hospital delay increased the risk of ICU admittance amongst patients with alcohol associated pancreatitis (OR 4.23; 95%, CI: 1.11 -16.18). Two comorbid conditions conveyed increased risk (OR 8.78; 95%,). The case fatality rate was 24% in the ICU and 1.6% in the ward (OR 20.01, 95% CI: 7.71 -51.93). Conclusions: Aetiology of acute pancreatitis, especially alcohol, pre-hospital delay and male gender are associated with increased of risk of ICU admittance and increased fatality rate during first attack of AP.
Introduction
The incidence rates for acute pancreatitis range from 5 to 80 cases pr 100,000 inhabitants per year [1, 2] . The incidence rates of acute pancreatitis is increasing in Norway and varies between 14.6/100.000 -30/100.000 per year [3, 4] .
The courses of acute pancreatitis range from a mild self-limiting condition to severe fulminate disease with multi organ failure and death. Mild cases of acute pancreatitis resolve quickly with minimal care, whereas patients with severe acute pancreatitis often induce considerable strain on intensive care resources [5] . Approximately 20% of acute pancreatitis cases are severe, and account for more than 90% of pancreatitis associated deaths [6, 7] .
Several scoring systems have been developed in order to investigate possible venues for identification of patients at risk of developing severe acute pancreatitis. Clinical prognostic scores, biochemical markers and Computed Tomography Scores (CTS) are widely used [8] [9] [10] [11] [12] [13] . Amongst these, the APACHE II score has been promising, with a positive predictive value as high as 69% for predicting severity of disease [14] . Ranson and Glasgow scores, although simpler to use in a clinical setting, do not achieve satisfactory sensitivity, specificity or predictive values [15] . Individual factors such as obesity, alcohol, smoking, specific organ failure and high age have also been associated with an increased risk of a severe acute pancreatitis [16] [17] [18] .
Organ dysfunction and ICU admittance occurs in approximately 38% -52% of patients with severe acute pancreatitis [5, 19] , and represents a worst case scenario associated with the most demanding treatment and the highest morbidity and mortality rates (21.0% -53.6%) amongst patients with acute pancreatitis [5, [20] [21] [22] . Ex-penses of ICU patients due to highly demanding continuous care, special equipment and therapeutic intervenetions exceed costs of patients treated in the wards by wide margins [5] .
Thus, early recognition and treatment of patients at risk of multiple organ failure and a need of ICU admission with organ support is probably the most important differentiation amongst patients with acute pancreatitis.
This study was conducted in order to identify pancreatitis unrelated risk factors for ICU admittance. The risk factors should both precede in time the clinical condition leading to ICU admittance and be unrelated to progression or consequences of acute pancreatitis.
We hypothesised that patient factors such as age, comorbidity, likely aetiology of acute pancreatitis as well as patients delay prior to their first episode of acute pancreatitis might predict a course of acute pancreatitis leading to ICU admittance.
Methods
Patients hospitalized for acute pancreatitis in the urban area of Bergen, Norway between 01.01.1996 -31.12.2006 were investigated retrospectively. Haukeland University Hospital (A Tertiary university teaching hospital with a stratified intensive care unit) and the Haraldsplass Deaconess Hospital (primary hospital without an intensive care unit) are the two only hospitals in this region. The hospitals report patients according to the International Classification of Diseases (ICD), ninth and tenth revision (ICD-9/10) to the joint computer database Patient Information Management System (PIMS). The computer database was searched for patients discharged with acute pancreatitis by code 577.0 (ICD-9) or K85 (ICD-10) as primary or secondary diagnosis. The patient records were reviewed and the diagnoses re-evaluated. Patient characteristics, clinical, biochemical and radiologic data, and the clinical course were retrieved.
A diagnosis of acute pancreatitis was accepted when the patient records confirmed a positive clinical presentation for acute pancreatitis(characteristic pain) accompanyed by findings of s-Amylase values three times the upper normal level on admission [23] , or a positive CT-scan with or without contrast. Only patients who had their first episode of acute pancreatitis within the specified timeframe, were included in the study. Patients were excluded from the study if they were suffering from recurrent episodes of acute pancreatitis, chronic pancreatitis or patients records from the early phase of disease were unavailable. 853 patients were identified with an episode of acute pancreatitis between 1996 and 2006. In 43 patients the medical record was inaccessible. 52 patients were transferred from outside our area to Haukeland University Hospital in order to receive specialized intensive care treatment or they were follow-ups after an episode of acute pancreatitis abroad. Complete records for the early phase of disease in this group of patients were unavailable.
The diagnosis acute pancreatitis could not be confirmed in 136 patients either by s-Amylase or a CT scan. 55 patients with previous episodes of acute pancreatitis were excluded. 565 (66%) patients fulfilled the inclusion criteria and were hence included in the study. The recruitment of patients is shown in Figure 1 .
Time from onset of symptoms to admission to hospital was calculated based on the admittance journal at the hospital. Prehospital symptom delay could be calculated in 509 patients (91%). Patients admitted to the ICU were identified on the basis of their ICU journals. All patients transferred to the ICU had one or more organ failures that required reinforced treatment.
The aetiology of pancreatitis was identified from the patients' records and the association with bile stones oren- 
Statistics
Analyses were performed using SPSS version 15.0. Data are presented as medians and range for continuous variables and as absolute frequencies for categorical variables. Categorical variables were analysed by Chi-square and Fishers exact tests. Mann-Whitney U-tests were used for continuous variables. Admission into ICU was analyzed using unadjusted and adjusted binary logistical regression models for variables believed to influence admission. A significance level of p < 0.05 was considered statistically significant.
Results
Of 565 patients with first episode of acute pancreatitis, 299 (53%) were women and 266 (47%) men (p = 0.089). Median age of patients was 60 years (range: 17 -98). Patient characteristics and likely aetiology are summarized in Table 1 . Comorbidity was identified in 209 (37%) patients. Coronary heart disease, lung disease and former or concomitant malignant diseases dominated in this series of patients. Only lung diseases were statistically more prevalent amongst men (22.1%) than amongst women (11.4%) (p = 0.022).The records contained information on smoking habits in only 308 (55%) of the cases. In these cases 60 (38%) men and 46 women (30%) admitted regular smoking (p = 0.129). Inaccurate reporting of smoking habits precluded smoking from the analyses. Bile stone disease (50.1%) and alcohol consumption (9.7%) dominated the identified aetiologies. In 21.4% of cases, no likely cause of acute pancreatitis was identified. The likely aetiology of first episode acute pancreatitis varied across gender. Bile stone disease (57.5%, p < 0.001) and post-ERCP acute pancreatitis (5.4%, p = 0.005) were significantly more frequent as aetiology of acute pancreatitis amongst women than amongst men.
Alcohol (17.3%, p < 0.001) and cases in which aetiology of acute pancreatitis had not been defined (25.6%) were more common amongst men (p = 0.023). The time from onset of symptoms until admittance to the hospital varied and was similar amongst men and women with a median of 24 hours. Length of hospital and ICU stay varied considerably but there was no statistical difference between men and women ( Table 1) . 
ICU Admissions
ICU admission was necessary in 50 (9%) of first episode acute pancreatitis patients and 36 (72%) of these patients stayed in the ICU for more than two days. ICU admission prolonged the median length of hospital stay from 5 (range: 1 -276) days amongst acute pancreatitis patients cared for in the ward to a median of 22 (range: 1 -269) days amongst ICU treated patients (p < 0.001). Moreover, ICU admittance was associated with a 24% (12/50) mortality which is significantly increased from the 1.6% level of mortality amongst acute pancreatitis patients in the surgical ward (OR: 20.01, 95%, CI: 7.71 -51.93, p < 0.001).
The overall in-hospital mortality rate was 3.5%. The overall evaluation of patient factors suspected to predispose for ICU admittance during first episode of acute pancreatitis is summarized in Table 2 . Men (66%) were significantly more at risk than women (34%) (OR: 2.34; 95%, CI: 1.27 -4.32, p = 0.006) to end up in the ICU. There was a tendency that symptomatic coronary heart disease increased the risk of ICU admittance (p = 0.075) 
Comorbidity
Patients with different likely aetiologies for acute pancreatitis were checked across comorbidity and a significant association was identified ( Table 3) . The fraction of patients with one or several comorbidities was significantly higher amongst patients with non-assessed aetiology (47.1 %, OR: 1.74, 95%, CI: 1.13 -2.68) than amongst patients with bile stone aetiology (33.9 %, ref), and a trend towards less comorbidity was noticed amongst patients with alcohol associated pancreatitis (21.8%, OR: 0.54, 95%, CI: 0.27 -1.08). Moreover, the average age of patients with alcohol associated acute pancreatitis was significantly lower than that of patients with bile stone, not assessed and miscellaneous aetiology ( Table 4) . Identical results were obtained by non-parametric tests.
Gender Stratification
Men and women were separately analysed due to the effect of gender on risk of ICU admission. A majority of women (62.4%) were hospitalized within 24 hours of symptom onset and amongst women, a pre hospital delay of more than 24 hours was associated with a significantly reduced risk of ICU admittance (p = 0.038) ( Table 5) .
Women without a reported aetiology of acute pancreatitis were at a significantly increased risk of ICU treatment (OR 3.53; 95% CI 1.08 -11.46, p = 0.036). The miscellaneous group of aetiologies also tended to increase the risk of ICU admittance (OR 3.4, 0.81 -14.75, p = 0.094). Other causes of pancreatitis were statistically not associated with increased risk of ICU treatment. Women in need of ICU treatment were somewhat older than women treated in wards, and again comorbidity and increasing numbers of diseases tended to increase the risk of admittance to an ICU, but the difference did not reach a statistically significant level ( Table  5) .
Men with three or more comorbid diseases were at a significantly increased risk of admittance into ICU (OR: 16; 95% CI 1.38 -185.4, p = 0.027). Alcohol was the Many patients with a specified comorbidity had one or more additional comorbid conditions. Percentages shown for Uncomplicated and ICU admission as fractions of total in each row, whereas the percentage of total in each row are presented as fraction of total number of patients.
dominating and only significant aetiological risk factor (36.4%) for ICU admission amongst men (OR: 4.54; 95%, CI 1.71 -12.04, p = 0.002). Other likely causes of acute pancreatitis were statistically not associated with increased risk for ICU admittance amongst men. Neither co-morbidity nor patients' delay was verified as risk factor for ICU admission amongst men, but a non-statistical trend of a higher prevalence of coronary heart disease and a lower median age was observed amongst men treated in the ICU ( Table 6 ).
Adjusted Regression
When all studied variables were adjusted for in the regression model, likely aetiology of acute pancreatitis remained the most important risk factor for admittance into an ICU (p = 0.007 
Discussion
This study shows that the risk of ICU admittance due to Many patients with a specified comorbidity had one or more additional comorbid conditions. Percentages shown for Uncomplicated and ICU admission as fractions of total in each row, whereas the percentages of total in each row are presented as fraction of total number of patients.
first episode of acute pancreatitis is predominantly determined by the aetiology of acute pancreatitis and especially regular consumption of alcohol (Tables 2 and 6 ). Alcohol associated acute pancreatitis is dominated by younger men, and men are more at risk than women for ICU admittance during their first episode acute pancreatitis. Moreover, men are less likely to have adequate assessment of aetiology of acute pancreatitis. Bile stone disease is the overall dominating cause of first episode acute pancreatitis, and women are more at risk than men for ERCP and bile stone associated acute pancreatitis but bile stone disease is not a very frequent cause of ICU admittance. Whereas the risk of ICU admittance amongst women is reduced when the delay exceed 24 hours, an increasing pre hospital delay increases the risk of ICU admittance amongst patients with alcohol associated pancreatitis. Patients with more than 2 accompanying diseases are also at increased risk of ICU treatment. ICU admittance is the worst case scenario for patients with severe acute pancreatitis but the mortality rate amongst ICU patients in this study (24%) is well within the range of reported morbidity and mortality rates (21.0% -53.6%) [5, [24] [25] [26] . 9% of patients in this cohort are admitted for ICU treatment, which correlates well with a recent study by Shen et al where 10.3% of all patients admitted with their first episode of acute pancreatitis received treatment in an intensive care unit [27] . Other studies show higher ICU admittance rates [28, 29] .
The mortality rates and ICU admissions are consistent with other studies and ICU admission a representative and valid outcome parameter. The case fatality rate of first episode acute pancreastitis increases with the number of concomitant conditions [24] . Frey et al. [24] also show that over 60% of pancreatitis cases have one or more co-morbid conditions, approaching 95% amongst patients with alcohol associated pancreatitis and 40% of these patients have three or more conditions. The prevalence of concomitant conditions is less in our cohort of patients ( Table 2 ) and alcohol associated acute pancreatitis occur amongst the youngest patients (Table 4) , which tend to have the fewest concomitant conditions (Table 3) . Moreover, the association between comorbidity and precipitation of multiple organ failure is less clear and no single comorbid condition is associated with ICU admittance ( Table 2 ). An increasing risk of ICU admittance with increasing number of concomitant conditions is noticed (Table 2 and 6 ), but few patients have three or more concomitant conditions and the risk is associated with male gender (Table 7) . Thus, comorbidity may contribute to progression of acute pancreatitis towards organ dysfunction and ICU admittance, but more likely, comorbid conditions increase the risk of death once a clinical situation with fully developed septicaemia and multiple organ failure is developed [30] .
Similar reasoning may explain the missing effect of age on ICU admittance in this study. Increasing age is recognised as a risk for overall death [25] and death in severe acute pancreatitis [26] and aging implies accumulation of an increasing number of comorbid conditions [25] , whereas age not necessarily increase the risk of acute pancreatitis progressing towards multiple organ failure.
There is a balanced distribution of acute pancreatitis across gender in this series of patients, which is in concordance with gender specific incidence rates in Scandinavia for this period of time [31] .
The association between gender and ICU admittance or severe pancreatitis is not readily identified in all studies [21] , and when analyses are adjusted for all risk factors for ICU admittance, the association with gender is eliminated, leaving aetiology and specifically alcohol associated pancreatitis with a fivefold risk for ICU admittance during first episode of acute pancreatitis ( Table  6 ). The association is, nevertheless, only statistically verified amongst male patients ( Table 6 ). Alcohol consumption is the dominating cause of severe acute pancreatitis and ICU admittance (44.4% -79.3%) in several countries, and alcohol especially dominates as cause of severe acute pancreatitis amongst men (85.5%) over women (45.5%) in Finland [5, 19, 26] . These results support Lankish, et al. [32] findings of alcohol associated acute pancreatitis as risk factor for artificial ventilation. However, the effect of alcohol on progression of alcohol associated pancreatitis towards ICU admittance is not easily explained. Patients with alcohol associated acute pancreatitis traditionally present one or more comorbid condition (95%) and 40% of these cases have three or more comorbid conditions, which are very strong predictors of early death among patients with acute pancreatitis [24] . Although comorbidity is associated with increased risk of death in earlier reports, the prevalence of comorbid condition amongst alcohol associated AP in this study is much lower than that reported by Frey, et al. (Table 3 ) and comorbidity is not a statistical risk of progression towards ICU admittance in this study. This study suggests that comorbidity may be a confounder in progression of acute pancreatitis and a risk factor for death only when multiple organ failure is fully developed.
Cases with non-assessed aetiology of acute pancreatitis is associated with increased risk of ICU admittance ( Table 2 ) and male gender ( Table 1) , although only a trend was identified in adjusted analyses. This group of patients is most likely very heterogeneous. The gender profile and risk profile for ICU admittance amongst these patients is very similar to that of alcohol associated pancreatitis (Table 1) , and the fraction of alcohol associated pancreatitis in this series of patients is somewhat lower than in comparable communities [5, 19, 26] . Regular alcohol consumption and especially addiction to alcohol is still not socially accepted in this community and denial of alcohol consumption may be disguised in this nonassessed group of patients. The stigma of an alcohol related disease is even higher amongst women in Norway, and women with non-assessed aetiology of acute pancreatitis are here statistically at risk of ICU admittance ( Table 4) . A less than satisfactory diagnostic follow up due to lack of compliance amongst men after an episode of acute pancreatitis may also contribute to the group of non-assessed patients [25] .
Bile stone disease, although the most frequent cause of first episode acute pancreatitis, is associated with one of the lowest risks of ICU admittance in this series of patients, which is consistent with several other reports [10, 27, 33] . Bile stone disease serves as reference in the analyses.
Huang, et al. show that the rates of bile stone related ERCP procedures are roughly similar across gender [34] , but this as well as other studies show that women are more at risk of ERCP associated acute pancreatitis (Table 2) [33, 35, 36] . Intervention towards bile stone disease reduce the risk of a second episode of acute pancreatitis, but it is a paradox that treatment strategy may imply further risk for patients and that less resources are devoted to causes of first episode of acute pancreatitis with higher risk of ICU admittance and recurrence.
Treatment delay implies increasing risk of death from perforated ulcer disease and intestinal obstruction and is probably associated with progression of disease and complication over time [37, 38] . A similar risk of organ dysfunction and ICU admittance during first episode of acute pancreatitis is only confirmed in sub analyses amongst patients with alcohol associated pancreatitis. The inverse and reduced risk of ICU admittance amongst females with pre hospital delay exceeding 24 hours ( Table 5) is not easily explained, but the different effect of delay may be related to likely etiology of acute pancreatitis and the reduced risk of ICU admittance with time amongst women may balance the increased risk with time amongst alcohol associated pancreatitis dominated by males and therefore disguise any effect of delay in overall analyses ( Table 2) .
The retrospective design in this study is sought compensated for by structured registration and focus on few objective variables and a conservative attitude towards the dataset. Studies on severe acute pancreatitis often involve any episodes of a consecutive number of pancreatitis in individuals admitted for treatment of acute pancreatitis [39] , whereas this study only includes patients with first episode acute pancreatitis, which together with the second episode, are the most severe episodes of acute pancreatitis [40] . Moreover, by limiting recruitment of patient to a well-defined urban area; this study gives unique and robust analyses of ICU admittance risks due to first episode acute pancreatitis. The 66% accuracy of acute pancreatitis registered in PIMS is consistent with the report of Nøjgaard, et al. [41] that show incidence rates of 51% -73% of incidence rates in official health registries when international diagnostic criteria of acute pancreatitis are followed.
Conclusion
Multi organ failure and ICU admittance is associated with the highest mortality in acute pancreatitis. Regular alcohol consumption, male gender, and delayed hospital admittance are factors associated with an increased risk of ICU admittance during first episode acute pancreatitis. This group of patients should probably be noticed at hospital admittance and offered reinforced treatment and care in order to reduce the risk of organ failure and admittance to intensive care units.
